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Automated blood cell count
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Disclaimer: As automated blood cell counts are nowaydays exclusively performed on
commercial platforms, multiple images used in this presentation are from commercial
origin. These do not reflect any preference or quality judgement and are mainly
intended to illustrate general principles.
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Introduction




What are we talking about?

Reimbursed parameters AAssociatedd par amet er s
4 Hemoglobin n 4 MCV, MCH, MCHC
4 Thrombocytes N . 4 MPV

— nNCBCOo _ :
4 Hct/RBC 4 Immature reticulocyte fraction
4 WBC - 4 Immature platelet fraction
4 Differentiation 4 é

4 Reticulocytes




Calculated parameters

PCV(1/1)x 1000
MCV (fl) =
RBC (cells /1) x 10712
Hb (g /1)
MCH =
(P8)= RBC (cells / ) x 1012
Hb(g/dl)x 10

RBC (cells /1) x 10712

Hb(g/) ., Hb(g/d)
PCV(1/1)x 10 PCV(1/1)

MCHC (g /dl) =

Blood Cells A Practical Guide, Fifth Edition. By Barbara J. Bain © 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion Website: www.wiley.com/go/bain/bloodcells
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Fig. 2.2 Measurements of packed cell volume (PCV) by the
microhaematocrit technique; paired tests from three patients
are shown.
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C O n tl n u O u S eVO I u tl O n > Ann Lab Med. 2020 Mar;40(2):122-130. doi: 10.3343/alm.2020.40.2.122.

Performance Evaluation of Body Fluid Cellular
Analysis Using the Beckman Coulter UniCel DxH 800,
Sysmex XN-350, and UF-5000 Automated Cellular
Analyzers

» IntJ Lab Hematol. 2008 Dec;30(6):536-42. doi: 10.1111/j.1751-553X.2007.00996.x.

Performance evaluation and relevance of the
CellaVision DM96 system in routine analysis and in
patients with malignant hematological diseases

Clinical Trial 2 Int J Lab Hematol. 2020 Dec;42(6):744-749. doi: 10.1111/ijlh.13281.
Epub 2020 Jul 8.

A new approach for diagnosing hematological
malignancies using monocytosis workflow
optimization and abnormal lymphocyte/blast flag of

ORIGINAL ARTICLE WILEY Sysmex XN series of blood count analyzers

performance evaluatlﬂn Df the HUtﬂmatEd HUCIeatEd rEd blﬂﬂd Observational Study > Medicine (Baltimore). 2020 Feb;99(7):e19096.

cell count of five commercial hematological analyzers doi: 10.1097/MD.0000000000019096.
> Clin Biochem. 2016 Nov;49(16-17):1292-1294. doi: 10.1016/j.clinbiochem.2016.08.020. Immature platelet fraction: A useful marker for
b s s identifying the cause of thrombocytopenia and
Diagnostic efficiency of the Sysmex XN WPC channel predicting platelet recovery

for the reduction of blood smears



Advantages of automation and technical evolutions

4 Major reduction in TAT

4 Major decrease in CV% => enhanced reliability of results

4 Sample throughput

4 Smaller blood volumes

4 Additionali nf or massociabedd (poar amet er s)
4 Pre-analytical control

4 é




Part 1: Technical details and principles of automated

hematology Analyzers



General principles

4 Each analyzer uses a combination of detection principles to separate and count
the individual cells in blood, based on the unigue properties of these cells (size,
granularity, RNA-c ont ent , é)

4 These detection principles are chosen to be cheap, quick, reproducible, robust
and automatable

4 Most of these properties are not absolute specific for a cell-type (eg CD41 based
measurement of PLT vs size-based measurement)

4 If cells shows @bnormaldproperties (eg, giant thromobcytes, cells with increased
metabolic activity, € ) , mdy ¢osneay not) behave differently in a specific
measurement technique and lead to spurious counts.
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Hemoglobin

A Colorimetry




Colorimetry

Reference-method: cyaanmethemoglobine method
A Stable cyano-Hb complex after RBC-lysis, measurement of
absorption at specific wavelength
A Difficult to automate (=slow reaction)
A Need for toxic CN-chemicals

In routine practice: CN-free methods and reagents

Absorbance
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Fig. 2.1 Absorbance spectrum of cyanmethaemoglobin.

Blood cells, Bain
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Step 1: The cell membranes of RBC are lysed. That releases haemoglobin
from the red blood cells.

Step 2: The free haemoglobin undergoes a change in its 3D-structure due the
bond between the hydrophobic group of SLS and globin.

Step 3: The divalent haeme iron (Fe?*) is changed to trivalent iron (Fe**) by
the oxygen bound to the haeme iron.

Bron: Sys




Haemoglobin Measurement Tsysmex o

e The haemoglobin concentration is determined from the absorbance
measured
by a photometric method at 555 nm.

Photo sensor

Flow Cell

Lysed blood sample

LED with filter

Interferentie by turbidity, eg lipemia
Bron: Sys



RBC-PLT

A Impedance
A Light Scatter
A Fluorescence




Impedance (RBC-PLT) (Sysmex, Abbott,

Beckman)

external electrode

aperure

VY=RxC

s,

External electrode

aperture

V=R xC

internal electrode

W = Voltage
C = current
R = resistance

Internal electrode

Y = Voltage
C = current
R = resistance

Principle of the DC detection method
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Impedance (RBC-PLT) (Sysmex, Abbott,
Beckman)

»  Volumetric measurement of RBC and platelets using absolute counting by DC detection method with
hydrodynamic focusing (HDF).

» A diluted sample is gjected from the nozzle tip and the blood cells enclosed in sheath fluid pass through a
defined path at the centre of the aperture as depicted in the image below.

A
Cell volume

T
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Electricresistance

PLT REBEC

» As each blood cell passes through the centre of the aperture, an electric resistance that is proportional to the
volume of that blood cell is created.

» This information is plotted as a histogram and deviations from the expected results trigger IP message(s).

Bron: Sys



RBC Histogram

RBC range

o e RBC 68.26% of REC histogram(RDW-CV)
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RDW-CV: RBC distributioq width coefficent of variation
RDW-SD: RBC distribution width standard deviation
Measurement of particles with the size Bron: Sysmex

of RBC I RBC



Impedance = padticle0 count er

Prone to interferences

PLT RBC

40fL 250FL

Fragmentocytes
Microcytes

Giant trombocytes
PLT aggregates.......

Cave: RBC >> PLT




Light scatter (RBC-PLT) (Siemens, Abbott)

Alinity hq technology

Alinity hq technol ' 1
inity hq technology RBC analysis based on Mie theory

RBC and PLT method: isovolumetric spherin

- Optical RBC and PLT counting, using 6
scatter signals (ALL, PSS and 4 IAS
signals)

- This allows improved separation of RBC
and PLT, even in samples with giant

- Optimized to measure cell-
by-cell RBC volume and
cellular hemoglobin

RELATIVE DIFFERENTIAL CROSS SCATTER

platelets or RBC fragments SPHERING REMOVES OPTICAL .
ORIENTATION EFFECTS THAT WOULD concentration, based on
- RBC PARAMETERS: COMPROMISE UNIFORM MULTI- 4FLL(RNA) 2R
RBC, HGB, HCT, MCV, MCH, MCHC, ~ "ewsionsscammen * the Mie light scatter theory =~ * S
RDW 90° (PSS) ol — VO HC=R
- PLT PARAMETERS: 400007} - Vo0 HC=
PLT, MPV, %P @ =
; 30000 | lAs IASS
3
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IAS1 predominantly measures intracellular HGB and IAS2 mainly RBC volume

Bron: Abb




Alinity hq technology
RBC method: cell population location
A RBC, MCV, Hgb (and MCHC) measured

A Hct, MCHC (calculated), MCH are
calculated

CHC x Volume (RBC) P

[RBC] 4.85 10e6/uL
[HGB ] 16.0 g/dL

(28¥) awnjop

[HCT} 4343 %

o R g -

o 5 A Availability of measured and calculated
> - -

- MCHC allows for internal quality control

RBC CHC

Abbott: impedance and light scattering
PLT method: multidimensional light scatter

ALL x IAS3 (RBC/PLT) |® 1AS1 x 1AS3 (RBC/PLT) |® IAS2 x IAS3 (RBC/PLT) ° Volume (PLT)

1AS3
1AS3
I1AS3

ALL IAS1 I1AS2 Volume

IAS1x ALL (RBC/PLT) (L@ IAS2 x ALL (RBC/PLT) |8 PSS x ALL (RBC/PLT) 1P Volume (RBC/PLT)

ALL
ALL

Bron Abbott

IAS1 1AS2



Light scattering allows for better discrimination between PLT and RBC (fragments)

Alinity hq technology
PLT method: multidimensional light scatter

PSS PSS

Y 1AS1,2,3 “ IAS1,2,3

488nm diode pumped laser 488nm diode pumpedlaser /7
light source //7; light source /

\

-

o
P

» When platelets and RBCs are similar in size (microcytic RBC, RBC fragments,

large or giant platelets) electrical impedance or dual angle light scatter may
demonstrate signal overlap

» With the implementation of multi-dimensional analysis, platelets and RBCs of

similar size demonstrate unique signal signatures with the array of different
angles of light scatter

Bron Abbott




Fluorescence (PLT) (Sysmex)




